Introduction/Methods: Traditional surgical management of mediastinal parathyroid adenomas has required mediastinal exploration via sternotomy or thoracotomy. By contrast minimal access approaches to the mediastinum via videoscopic transthoracic or transcervical approaches can offer equivalent visualization, patient safety and decreased patient morbidity. The availability of sternal retractor systems, the rapid parathyroid hormone (PTH) assay for intraoperative confirmation of cure, recurrent laryngeal nerve monitoring technique and video-assisted thoracic surgery (VATS) instrumentation have made this possible. The purpose of this article is to discuss these approaches and the results with their application in five consecutive patients. Results: Five consecutive patients underwent mediastinal exploration of which three were performed transcervically and three transthoracically (one patient underwent both procedures). One patient had a negative thoracic exploration; one patient's course was complicated by transient recurrent laryngeal nerve injury which resolved spontaneously.
INTRODUCTION
In recent years parathyroid surgery has evolved significantly from that of a traditional four gland exploration to less invasive approaches directed at removal of a single abnormal gland only. 1 The advent of accurate preoperative localization with ultrasound, computed tomography (CT), and Sestamibi scan and the rapid intraoperative PTH assay to confirm physiological cure at the time of surgery have made this possible with equivalent cure rates and decreased patient morbidity.
Two percent of mediastinal parathyroid adenomas are situated low enough below the thoracic inlet to require mediastinal exploration. 2, 3 This has traditionally involved a sternotomy or thoracotomy with their associated morbidity of up to 21%. 4, 5 CT/Sestamibi fusion scans can allow accurate preoperative localization 1 even in this location and therefore a directed mediastinal parathyroidectomy guided by the intraoperative parathyroid hormone assay either through the neck or chest is also possible. We review our experiences with directed parathyroidectomy approaches and review our surgical technique and decision making in the resection of these glands.
METHODS
Five consecutive patients who underwent mediastinal exploration for parathyroid adenoma were reviewed. All patients had primary hyperparathyroidism with an elevated PTH level and hypercalcemia. An adenoma that was located within the anatomically defined compartment of the mediastinum and felt to be inaccessible to a traditional transcervical approach was classified as mediastinal. All had failed to localize an abnormality in the cervical region on ultrasound or sestamibi scan and therefore had a contrast enhanced CT scan (Fig. 1A) of the neck and mediastinum. All had suspicious areas noted on CT in the mediastinum. In four these foci coincided with their sestamibi scans. In the last two of these Sestamibi/CT fusion scan images were available (Fig. 1B) . In one patient, sestamibi failed to localize a focus of nuclear activity on delayed imaging and selective venous sampling suggested a focus of high PTH activity in the mediastinum. Three patients underwent thoracoscopic exploration and three had transcervical resection of their adenoma. Intraoperatively confirmation of adenoma removal was made by PTH assay and frozen section was used to confirm removal of parathyroid tissue.
TECHNIQUE

Cervical Approach
The superior and anterior mediastinum are approached through the neck by a standard thyroid type cervical incision extending from the anterior border of one sternocleidomastoid muscle to the other. The patient is positioned supine with an inflatable pressure bag under the shoulder blades to maximize neck extension. Subplatysmal flaps are elevated and retracted and the strap muscles are divided low in the neck to maximize the surgeon's ability to deliver retract the superior mediastinal tissues into the neck by retraction superiorly of the laryngotracheal complex. The cervical tongues of the thymus are identified and dissected free of the surrounding soft tissues down to the thoracic inlet as they are retracted superiorly. A Rultract Skyhook™ (Rultract/Pemco, Cleveland, OH) sternal retractor is placed to elevate the sternum forward and simultaneously the pressure bag is deflated (Fig. 2) . This results in an expansion of the thoracic inlet 6 which allows for improved access and direct visualization to the superior and anterior mediastinum through the neck (Fig. 3) . If necessary visualization of the anterior mediastinum below the innominate vein is aided by introduction of a 5 or 10 mm 30°thoracoscope via the neck. (Fig. 4) . Dissection below the innominate vein is performed by a combination of sharp, blunt and cautery using the appropriate thoracoscopic instruments. The adenoma when identified can either be dissected from the surrounding thymic tissue being careful to handle the gland as minimally as possible to prevent rupture and spillage or alternatively if this proves problematic a transcervical thymectomy can be performed removing the gland intact within the thymus.
While access to the middle mediastinum on the left in the region of the aortopulmonary window is also possible through the neck visualization and exposure are not optimal and we do not advocate this approach favoring instead a thoracoscopic approach.
Transthoracic Approach
For adenomas in the middle or posterior mediastinum a thoracoscopic approach provides optimal visualization and access. 7 We perform two port thoracoscopy with a valveless trocar for camera introduction and an anterior working port 3 to 5 cm in size for introduction of instruments. Single lung ventilation is used to collapse the lung and the patient is placed in posterolateral thoracotomy position and rolled posteriorly if the middle mediastinum is to be approached. The lung is retracted, and the mediastinal pleura is sharply dissected to expose the gland. The left recurrent laryngeal nerve and the phrenic nerves may be in close contact and these should be carefully dissected sharply and mobilized away from the gland (Fig.  5 ). The recurrent laryngeal nerve monitor is useful in this setting to identify the nerve and ensure that it is preserved and handled gently during the dissection. As in the transcervical approach minimal handling of the adenoma is performed and it is resected from the mediastinum using a combination of blunt, sharp and cautery dissection. The vascular pedicle is clipped and divided and the gland removed from the mediastinum using a thoracoscopic ring clamp. A no. 28 chest tube is used to drain the chest which is removed after 24 hours.
Intraoperative PTH Assay
Intraoperative removal of all autonomously functioning parathyroid tissue is confirmed by the rapid PTH assay and frozen section confirmation of parathyroid tissue removal. 8 A blood sample is taken at induction of anesthesia and ten minutes after the adenoma is removed. As described in the literature a PTH level that is forty percent (40%) or less of the initial value and preferably within normal range is indicative of removal of all hyperfunctional parathyroid tissue (physiological cure) and associated with a very high cure rate without the need for further parathyroid gland exploration and removal. 8 -10 As the assay takes approximately 25 minutes, during this time hemostasis is secured, the incision closed and the patient kept under anesthesia until the result is available. 9, 10 Frozen section analysis of the tissue confirms the presence of parathyroid tissue.
Intraoperative Recurrent Laryngeal Nerve Monitoring
When the adenoma has been preoperatively localized to the middle mediastinum, given the proximity to the recurrent laryngeal nerve (RLN) within the AP window on the left and in the right paratracheal region if the dissection is high adjacent to the subclavian artery, we recommend the use of intraoperative RLN monitoring. Specially designed surface electrodes are positioned on the endotracheal tube (Fig. 6A ) adjacent to the vocal cords to detect electrical activity and an intraoperative stimulus probe ( Fig. 6B) 
Hospitalization
Patients with a cervical approach were discharged on the same day as surgery and those who had a thoracoscopic approach on POD2.
RESULTS
Three patients underwent thoracoscopic exploration and three patients had cervical exploration (Table I ). The first patient in this series had venous sampling and CT scan for localization suggesting that the adenoma was present in the right low paratracheal area. However on exploration an enlarged mediastinal lymph node rather than a parathyroid adenoma was found in the mediastinum. Visualization of this area and surgical access was excellent and a right paratracheal node dissection was performed. Subsequent extended cervical exploration identified the adenoma in the neck.
The second patient had localization of the adenoma to the middle mediastinum on the left, in the aortopulmonary window. Both CT and Sestamibi scans confirmed this. Thoracoscopic resection was performed. At surgery the vagus and the recurrent laryngeal nerve were identified and protected but the patient was hoarse postoperatively and laryngoscopy revealed a left cord paresis. This was followed as an outpatient with gradual resolution. This case prompted the use of the intraoperative recurrent laryngeal nerve monitor which has become a routine part of thoracoscopic mediastinal parathyroid resections in the aortopulmonary window at our institution. Patient three had an adenoma localized to the aortopulmonary window by CT and Sestamibi scans and this was resected by thoracoscopy. These patients had their chest tubes removed on POD 1 and were discharged the next day. There were no morbidities associated with their surgery apart from the described nerve injury.
Patients four and five had their adenomas localized to the superior mediastinum at the level of the left innominate vein by CT/Sestamibi fusion scans and were successfully removed surgically with the sternal retractor and an appropriate fall in their parathyroid hormone levels. Both these patients were discharged on the same day and had no morbidity.
DISCUSSION
Parathyroid adenomas requiring mediastinal exploration comprise 2% of all tumors but have been associated with considerable morbidity (up to 21%) if resection is approached by sternotomy or thoracotomy. 4, 5 These complications include respiratory failure, pneumonia, atrial fibrillation, bleeding, infection, and phrenic nerve injury. 12 The advent of surgical video thoracoscopy and the concept of minimally invasive surgery have lead to the implementation of these techniques for the management of mediastinal tumors. Robotic technology has been used to excise mediastinal parathyroid adenomas [13] [14] [15] [16] but at this time offers little benefit over video-assisted thoracoscopy.
A comprehensive approach to the mediastinal parathyroid gland utilizing thoracoscopy and/or a cervical approach has only recently been reported. 1 It is apparent that this requires close collaboration between a head and neck/endocrine surgeon familiar with parathyroid disease and a thoracic surgeon with an interest in minimally invasive surgery. While the transthoracic approach would typically be presented in the thoracic literature, we present both techniques to demonstrate to the reader the need for both approaches in the management of the mediastinal parathyroid gland.
The key to successful directed parathyroid resection is accurate preoperative localization. 7 For mediastinal disease, anatomic localization of an abnormality by CT scanning and confirmation of its physiological function as being parathyroid-related with sestamibi scanning is ideal. CT/Sestamibi fusion scans are now available to facilitate this and allow for a directed approach to the gland in question (Fig. 2) . While minimally invasive radioguidedparathyroidectomy (MIRP), in which the handheld gamma probe is used to guide the localization of the adenoma intraoperatively and confirm the resection of hyperfunctional tissue, has proven a very successful alternate strategy for transcervical directed parathyroidectomy, the variations in preoperative planning for the different minimally invasive mediastinal approaches require the more precise anatomic localization offered by CT and/or CT/ Sestamibi imaging. In addition the excellent visualization provided by thoracoscopy, usually makes the intraoperative use of the handheld gamma probe within the mediastinum unnecessary. However, it may be a useful adjunct when the mediastinal adenoma is not readily visible. This proved unnecessary in this series. Even with its use we would still advocate for the use of the intraoperative PTH assay as in one series the positive predictive value of a decrease in the radioactivity (88.5%) was lower than the intraoperative PTH assay (99.5%) 17 Determining the ideal surgical approach is the key to success and deserves re-emphasis. Fundamental to either approach is an understanding of the anatomical compartments of the mediastinum (Fig. 7A, B) . We consider the borders of the anterior mediastinum to be the thoracic inlet superiorly, the diaphragm inferiorly, phrenic nerves laterally, the pericardium posteriorly and the sternum anteriorly. The superior mediastinum extends from the thoracic inlet to the manubriosternal junction anteriorly, the line between the junction and the T4 vertebral body inferiorly and the vertebral column posteriorly. Borders for the middle mediastinum are the thoracic inlet superiorly, diaphragm inferiorly, the pericardium anteriorly and posteriorly. The borders of the posterior mediastinum are the thoracic inlet superiorly, the diaphragm inferiorly, the posterior pericardium anteriorly, and the vertebral column posteriorly and the transverse processes laterally. 12 When the gland is located with in the anterior or superior mediastinum it is approached by a transcervical route (Fig. 8A) . 18 For the transcervical approach, we recommend the use of the Rultract Skyhook™ retractor which opens the thoracic inlet and increases the exposure of the superior mediastinum allowing the inferior aspect of left innominate vein to be reached under direct vision. Even in the anterior mediastinum the use of a thoracoscope facilitates visualization and illumination of the mediastinum. The adenoma can then be resected under thoracoscopic vision or the entire thymus gland removed with the adenoma in situ.
Adenomas in the middle or posterior mediastinum are best accessed via a transthoracic (VATS) approach (Fig. 8B) . 7 For our thoracoscopic approach, we prefer two port thoracoscopy which allows excellent visualization of the mediastinum and allows for careful controlled dissection removing only the adenoma from the surrounding mediastinal structures. On the left, the phrenic and recurrent laryngeal nerves may be closely applied to the gland and careful sharp dissection is required to resect the gland. The use of recurrent laryngeal nerve monitoring in this setting may be useful to ensure atraumatic handling of the nerve. Neuromuscular blockade may still be used judiciously in these cases, as it does not impair the use of recurrent laryngeal nerve monitoring. 19 Although the role of recurrent laryngeal monitoring in thoracic surgery has not been defined its use in this situation can be extrapolated from its use in thyroid and parathyroid surgery in the cervical region as the principles of its application are the same.
The techniques of directed parathyroidectomy allow for a shorter hospital stay and return to daily activities. With superior mediastinal adenomas that are resected after placement of the Rultract Skyhook™ retractor, patients have been discharged to home the same day. While has been our practice to drain the thorax with a chest tube, in a recent series of thoracoscopic resections no chest tubes were used. 1
CONCLUSION
Directed mediastinal parathyroid resections provide decreased morbidity to patients. Accurate preoperative localization is essential and should be performed with CT and/or CT/Sestamibi fusion scanning. A directed parathyroidectomy either through the neck or the chest can then be used to resect the gland. In the case of superior or anterior mediastinal tumors, we recommend a transcervical approach using the Rultract Skyhook™ retractor. With tumors in the middle or posterior mediastinum, a transthoracic video-assisted approach provides good exposure and ability to resect the tumor. Recurrent laryngeal nerve monitoring may be useful in preventing injury to the nerve in left-sided or high right-sided transthoracic explorations. Intraoperative PTH assay and frozen section analysis confirm physiological cure and removal of parathyroid tissue, respectively.
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